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A survey of 7,200 marine oligochaetes from Queensland (Moreton Bay, Brisbane, Heron
Island and Lizard Island), New South Wales (Georges River, Sydney) and thc Northern
Territory (Darwin Harbour) revealed infections by 5 major parasite groups. Tubificid
oligochaetes of the Limnodriloidinae, Phallodritinac and Rhyacodrilinae were host to: 10
actinosporeans (Myxozoa) namely Sphaeractinontyxon ersei, S. leptocapsula, Endoeapsa
rosulata, E. stepheni, Endocapsa type 1 nov., Tetraspora disecidea, T. rotundum,
Triactinomyxon of Roubal et al., 1997, Triactinomyxon type 1 nov. and Triactinomyxon type
2 nov.; an aseptate eugregarine (Apicomplexa) Oligochaetocystis sp.; an astomate cihate
(Ciliophora); a peritrichous ciliate Seyphidia sp. (Ciliophora): mermithid nematodes
(Nematoda); a haplosporidian (Haplosporidia); and a coccidian (Apicomplexa). A single
enchytraeid specimen, Grania sp., harboured astomate ciliates. A Ausiralia, actinosporeans,
marine oligochaetes. parasites, protozoans.
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The Iiterature suggests that parasites of marine
oligochactes are common (Giere & Pfannkuche,
1982; Rafios & Cooper, 1990), yet few specific
cxamples can be found. Documented parasites
belong principally to the protozoan orders
Astomata (Ciliophora: Holotricha) and
Gregarinida (Apicomplexa: Telosporidia) with at
least 13 and 5 species described, respectively
(Gicre & Pfannkuche, 1982). Six actinosporeans
(Myxozoa), Splaeractinomyxou stolci Caullery
& Mesnil, 1904, Splaeractinonyxon type 1 & 2
Hallett ct al., 1997a and Awrantiactinomyxon
type 1,2 & 3 Hallett et al., 1997a, also have been
recorded. Prior to this study, no parasites had
been recorded from an Australian marine
oligochacte.

Freshwater oligochactes are reported as hosts
to these parasite groups as well as to cestodes
(c.g. Archigetes ioweusis and Hunterella
nodulosa), nematodes (e.g. Eustrongylides sp.,
Dioctophvina renale) (Raftos & Cooper, 1990)
and rotifers Albertia spp. (Koste, 1970; Erséus,
1976). They also are host to about 116
actinosporeans (McGeorge et al., 1997; Lom et
al., 1997; Xiao & Dcsser, 1998a, b; EI-Mansy et
al., 1998b.c); some of these parasites are allernate
stages in the life cycles of myxosporeans
(Myxozoa) in fish (sce Kent et al., 1994a; Lom et
al.. 1997). To date. some 24 life cycles have been
clucidated and they have all involved freshwater

species for which no other form of life cycle is
known. No complete life cycle has been
determined for any marine myxozoan.
Myxosporcans are common in marine fish in
Australia; this study was undertaken to determine
if actinosporeans were present in Australian
marine oligochactes. Some of our early findings
have been published elsewherc. These records
are of the actinosporeans Splaeractinoniyxon
ersei Hallett, O'Donoghue & Lester, 1998, S.
leptocapsula Hallett, Erséus & Lester, 1999,
Endocapsa rosulata Hallett, Erséus & Lester,
1999, E. steplieni Hallett, Erséus & Lester, 1999,
Terraspora discoidea Hallett & Lester, 1999, 7.
rotundum llallett & Lester, 1999, and
Triactinomyxon of Roubal et al., 1997, Here, we
present a review of all parasite types so far
encountered in Australian marine oligochactes,
including published records.

MATERIALS AND METHODS

Scdiment samples were collected to a depth of
15¢m from the intertidal zonc in Morcton Bay
(27°15-25’S), and from Heron (23°27°8S,
151°55°E) and Lizard (14°40°S, 145°28°E)
Islands during 1995-1997 (Fig. 1). Infected
oligochaetes were also obtained from Sydney,
NSW (33°53°S, 151°10°E) and Darwin, NT
(12°25°S, 130°51°E) (Fig. 1B). Sediment was
collected in 500ml jars, each emptied into a
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bucket containing about 4 litres of seawater,
thoroughly mixed and the supernatant poured
through a 0.4mm sieve. The contents of the sieve
were washed into a petri dish and the supernatant
rcturned to the bucket. This process was repeated
about 5 times persample. The material in the petri
dish was then examined under a dissection
microscope and any oligochactes present were
recovered for detailed examination under a
compound microscope. The worms were placed
on glass slides and a drop of 25% ethanol in
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seawater was added to inhibit movement.
Parasites (with the exception of those obtained
from Lizard Island, Darwin Harbour and Sydney)
were photographed, sketched and measured prior
to fixation in either Bouin’s fixative for 24 hours
for host identification or 3% gluteraldehyde in
0.066M cacodylate buffer for 24 hours for
electron microscopy. For host identification,
infected oligochaetes were transferrcd to 70%
cthanol, stained in alcoholic paracarmine,
mounted whole in Canada Balsam and examined
under a compound microscope. Nematodes were
fixed within the oligochaete host and several
were cleared and stained with chlorlactophenol
and Maycr's haemotoxylin. Actinosporean
descriptions follow the guidelines presented by
Lom et al. (1997) except that ‘germ cell” is used
for ‘daughter cells’ and we give an additional
measurement ‘basal width® which is maximum
width of the spore in apical view. New forms are
identified in accordance with Kent et al. (1994)
and Lom ct al. (1997). Reference oligochaete
host specimens containing parasites arc lodged in
the Quecnsland Museum (QM), Brishane.

RESULTS

A total of 5,200 oligochaetes were examined
from Moreton Bay and a further 2,000
oligochaetes from Heron Island. The density of
worms sampled in Brisbane was up to 0.8 worms
per cm’. Six parasitic/commensal groups were
identified: actinosporcans (Myxozoa), aseptate
cugregarines (Apicomplexa), astomate and
peritrichous ciliates (Ciliophora), mermithid
nematodes (Nematoda), haplosporidians
(Haplosporidia) and coecidians (Apicomplexa)
(Tables 1, 2).

Phylum MY XOZOA Grass¢, 1970
Class MYXOSPOREA Biitschli, 1881
ACTINOSPOREAN FORMS Kent et al., 1994

Infections by actinosporeans were detected in
196 (3.8%) of 5,200 worms from Moreton Bay,
25(1.3%) 012,000 worms from Heron 1s. and in 8
worms from Lizard ls. One worm from Moreton
Bay harboured a double infection of Sphaer-
actinomyyon ersei and Tetraspora discoidea.
Three worms, Duridrilus sp{QMG463613),
Limnodriloides sp. (QMG463615) and
Doliodrilus diverticulatus (QMG463614) from
Darwin Harbour and an unidentified oligochacte
trom Georges River, Sydney, harboured un-
identified actinosporeans (all fixed samples). Ten
actinosporeans belonging to 4 collective groups
were found in marine oligochaetes (Table 1).
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Actinosporean No. Infected Hosts
Sphueractinomyxon ersei &
1
44
2
1
2
1
Sphacractinomyxon spp. 24
S leptocupsulu 2
Endocapsa rosulato ?
1
. 9
E. cf rosulata 6
E. stepheni |
Z
. 1
Endocapsa type 1 8
N
Tetraspora discoidea T
Tetraspora rotundinn 3
ciorets E 1
Triactinomyxon sp. 24

Triactinomyxon type 1

Triactinomyxon ty pe 2

Unidentified:

Sphaeractinomyxid
coelomic infeclion
intestinal infection
coelomic infectjon
coelomic infection

TABLE 1. Actinosporeans from Australian marine oligochaetes.

llost

Doliodrilus diverticnlaris
Limunadriloides cf. victoriensis
Tubificidae sp./spp.
Tubificidae sp./spp,
Thalassodrilides ct. grrwitschi
Limnodriloides lateroporus
Butlydrilus sp.

Tubificidae sp./spp.
Heronidrilus sp.

Heierodrilus cf, keenani
Thalassodrilides ct. gurwitschi
Heronidrilus sp.

Tubificidae sp./spp.
Tubificidae sp./spp.

Heterodrilus cf, keenani
Heierodrilus queensiandicus
l'ubificidae sp.

Tubificidac spp.

Doliodrilus diverticulatius
Tubiticidae sp./spp.

Tubificidae sp./spp.

Limnodriloides cf. victoriensis
T'ubificidae sp./spp.

Limnodriloidinae sp.

fl:LLbLﬁgidae sp.

Tubificidae sp./spp.
Tubilicidac sp./spp.
Tubilicidae sp.'spp.
Duridrilus sp.
Limmodriloides sp.
Doliodrilus diverticulutus

Site
Moreton Bay
Moreton Bay
Moreton Bay
Heron 1sland
Lizard Island
Lizard Island
l.izard 1sland

Morelon Bay
Lizard Island

Heron 1sland
1.izard Island
Lizard 1sland
Moreton Bay
Heron 1sland

Heron Island
ieron 1sland
lleron 1sland

Morelon Bay

Moreton Bay
Moreton Bay

Moreton Bay

Moreton Bay
Moreton Bay

Moreton Bay
Morcton Bay

Heron 1sland

Morelon Bay

Moreton Bay
Darwin Harbour
Darwin Harbour

ST L i
coelomic infection 1
inleclion | 1

Tubificidae sp.

Darwin Harbour
Sydney

SPHAERACTINOMYXON FORMS

Sphaeractinomyxon ersei Hallett,
O’Donoghue & Lester, 1998
(Fig. 2A)

TYPE HOST. Doliodrilus diverticulatus Erséus, 1985
(Tubificidae: Limnodriloidinae).

SITE IN HOST. Immature stages located within the
coelom and mature spores present in the intestinal fumen.

TYPE LOCALITY. Boggy Creek, Moreton Bay, 27°24°S,
153°09°E.

SPECIMENS LODGED. QM G462452 (#110), G462453
(#185), G462465 (#210), G463601 (LI95-4), G463602
(L195-24/1), G463603 (1.195-24a), G463604 (L195-24b).

DESCRIPTION. Triradially symmetrical spores
packed in groups of eight in the pansporocyst.
Spores triangular in apical view, diameter
17-34pm, basal width 17-33pm; ellipsoidal in
side view, length 17-33um. Polar capsules, 3,
round to pyriform, centrally located, diameter

(width) 3-5.5pum, length 3-7pm. Sporoplasm,
rounded triangular in apical view, single
binucleate, about 46 germ cells, almost fills the
spore cavity.

REMARKS. S erseiwas detected in47 (0.9%) of
5,200 oligochaetes examined from Moreton Bay:
the number may be higher because 77 un-
identitied (immature) coelomic actinosporeans
were also recorded (see Table 1). It also infected
Limnodriloides cf. victoriensis Brinkhurst &
Baker, 1979 from Boggy Creek, tubificid species
from Heron Is. and Thalassodrilides cf.
gurwitschi (Hrabe, 1971) (Limnodriloidinae),
Limnodriloides lateroporus Erséus, 1997 and
Bathvdrilus sp. (immature) (Tubificidae:
Phallodrilinae) from Lizard ls.

Sphaeractinomyxon leptocapsula
Hallett, Erséus & Lester, 1999
(Fig. 2B)

TYPE HOST. Heronidrilus sp. (2 immature specimens
infected) (Tubificidae: Rhyacodrilinae).
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TABLE 2. Parasites and commensals idcntified from Australian marine oligochaetes. #NR = not recorded.

‘( Parasite No. Infected Hosts T Host ‘ Site
i g arasiter 4 o e, Fr 05 sy S
APICOMPLEXA o
Oliguchuaeiocystis sp. X 1 ‘ Tubificidae sp. Morcton Bay
Unidentitied coccidian species NR Limnodriloidinae sp./spp. Moreton Bay
CILIOPHORA )
Radivphrya sp. 43+ Tubificidae spp. Heron Island
Unidentified astome 1 Grunia sp. l{eron Island
Scvphidia sp. NR l.imnodriloidinae sp./spp. Moreton Bay
HAPLOSPORIDIA
Haplosporidium sp. | Heterodritus sp. T tHeron Island
15 Tubificidae sp./spp. | Heron Island
NEMATODA
Mermithid nematode 1 Heterodrilus cl. keenani Heron Island
4 Tubificidae sp./spp. 1leron Island

SITE IN HOST. Coelom.

TYPE LOCALITY. Intertidal sand, Lizard Is., 14°40°S.
145°28’E.

SPECIMENS LODGED. QMG462459 (1.195-16b),
(462460 (L195-16e).

DESCRIPTION. Spores triangular in apical
view, diameter 20-24pum, basal width 20-23um,
length 17-22pum. Outer valve cell membrane
follows contours of inner valve cell membrane.
Polar capsules ~5pum long, slender, pyriform,
oricntated with pointed cnds facing centre of
spore, each positioned opposite a corner of spore
about midway along spore radius. each contain
polar filament with at least two turns. In side
view, spore ellipsoidal to broad pyriform. Suture
lines not discernible. Pansporocysts cach with
eight spores.

REMARKS. S. leptocapsula was observed on
only in 2 oligochaetes from Lizard 1s.

ENDOCAPSA FORMS

Endocapsa rosulata
Fallett, Erséus & Lester, 1999
(Fig. 2C-F)

TYPE HOST. Heterodrilus cf. keenani Erséus, 1981
(Tubificidae: Rhyacodrilinac).

SITE IN HOST, Immature stages in coelom; mature spores
in intestinal lumen (Fig. 2E-F).

TYPE LOCALITY. Heron Is., 23°27°S, 151°55°E.

SPECIMENS LODGED. QM G462454 (H122),
(462455 (H146), G463605 (1.195-24¢), G4636006
(L195-16a), G462723 (#200).

DESCRIPTION. Spore diameter 25-27um, basal
width 25-28um, length 20-23pm, resembles
rosette in apical view, compressed dorsoventrally
in side view (Fig. 2C); develops in groups of 8
within pansporocysts (55-75um). Valve cells
inner membrane subspherical; outer membrane
follows contours of dorsal and ventral surfaces of
this but exhibils swellings laterally in 3 regions
cquidistantly apart; inner and outer membrancs
closc at each valve junction; suture lines prom-
incnt. Valve cell swellings formed within host,
little or no further expansion on contact with
scawater (Fig. 2D). Cavity diameter 19-23pum,
ellipsoidal in side view. Polar capsulcs
ellipsoidal, 4-5pm long and wide, located
beneath a suture line anteriorly in, but not
extruding from, spore, adjacent to remains of
capsulogenic cell and perpendicular to processes,
embedded in sporoplasm in side view, with polar
filament with at least 3 turns. Sporoplasm
granular, remaining areas of spore clear.

REMARKS. Thalassodrilides ct. gurwitschi and
Heronidrifus sp. (immature) from Lizard Is. and
tubificids from Moreton Bay also harboured this
parasite. Nine tubificids of the 5,200
oligochaetes from Boggy Creck, Moreton Bay,
were nfected. Spores were observed only in the
coelom; none were found in the gut lumen as
were Heron Is. infections. Spores were smaller

FIG. 2. Actinosporeans from marine oligochaetes. A, mature Sphaeractinomyxon ersei spores (each with 3 polar
capsules) in the intestinal jJumen of a limnodriloidine oligochaete from Moreton Bay. Fresh, unstained material.
Scale = 25pm; B, Sphaeractinomyxon leptocapsula pansporocysts with eight spores in the coelom of an
oligochacte. Preserved material from Lizard Island. Scale = 30um. C-F, Endocapsa rosulata, fresh unstained
material. C, Moreton Bay; D-F, Heron Island. C, spore in sea water. Scale = 20pm; D, spores emerging from
host. Scale =25um; E, developing stages of £, ¢f, rosularain coelom. Scale = 150um; F, spores of E, ¢f, rosulata

free in intestinal lumen. Scale = 150pm.
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than those from Heron Is. being 20-25um in
diameter and 25-28pm in basal width.

Endocapsa stepheni Hallett, Frséus
& Lester, 1999

TYPE HOST. Heterodrilus ct. keenani.
SITE IN HOST. Coclom.
TYPE LOCALITY. Heron Is., 23°27°S, 151°55°E.

SPECIMENS LODGED. QM G462456 (H132),
GA6245T (H135), G462458 (H148).

DESCRIPTION. Spore, diameter 25-28um,
basal widih 23-25pm, length ~20pm, irregularly
shaped in apical view. Spore cavity diameter
~23um. Valve cells follow shape of roughly
triangular spore cavity but with a single lobe-like
swelling at one corner. Sutures, dctectable, from
corners to middle of spore. Sporoplasm roughly
triangular in apical view, almost lills spore cavity,
depressed in side view where polar capsules
positioned. Polar capsules round in apical view,
diamcter 4-5um, pyriform in side view, length
4-5um, centrally located in spore, close to cach
other, beneath suture lines. Spore appcaring
ellipsoidal in side view, except that valve eells
form an extension at one side.

REMARKS. One Heterodrilus cf. keenani, 2 H.
gueenslandicus Jamieson, 1997 and 1
unidentified tubilicid were infected with this
actinosporean.

Endocapsa type | nov.
(Fig. 3)

HOST. Immature tubificids.

SITE IN HOST. Developing stages in peritoneum, mature
spores in coelom and intestinal lurnen.

LOCALITIES. Hays Inlet and Boggy Creek, Moreton
Bay, 27°16°S, 153°04°E and 27°24°S, 153°09’E .

DESCRIPTION. Spores subtriangular in apical
view, diameter 17-30pm (22um, n=8), basal
width 19-31um (25pum, n=2) (Fig. 3A). Spore
body (inner valve cell membrane) basically
round but corner formed at 3-way valve junction
(Fig. 3A, C). Valve cells, upon contact with sea
water, form 3 equally-sized biconcave processes
(swellings) which join at their narrowest part at
each 3-way valve junction (Fig. 3A, C).
Swellings frequently prescnt prior to spore
contact with seawater. Polar capsules round, oval
to pyriform in side view, diameter 3-5pum (4pm,
n=4), located centrally in spore, proximal to one
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other, each situated beneath a suture {(and
therefore opposite a spore corner) (Fig, 3A),
embedded in anterior part of sporoplasm, do not
form an apex {Fig. 3B). Spore round in side view,
length 16-28pm (22 um, n=7), diameter 19-31um
(25um, n=6) (Fig. 3B).

REMARKS. Some spores had smooth rather
than pinched corners. The non-protrusive polar
capsules and reduced swellings, at times present
within the host, place this actinosporcan in the
Endocapsa. Two other forms of Endocapsa have
been recorded: E. rosulata; and E. stepheni.
Endocapsa type 1 differs from both these in the
shape of the spore and swellings. lis valve
swellings encompass fully the spore body
(visibic in both apical and side view), whercas
thosc of E. rosulata do not, and it possesses 3
swellings whereas K. stepheni Torms just one.
The Aurantiactinomyxon types described from
Hong Kong marine oligochactes possess valve
projections rather than swellings and the spores
are considerably smaller, bcing less than 20pm
(Hallett ct al., 1997). The principal difference
between the Neoactinomyxon types described by
El-Mansy et al. (1998b) and Endocapsa type 1 is
that the valve cells of the Tormer form triangular
shaped extensions whereas they are curved in the
valve cells of the latter. Endocapsa type 1 was
recorded from 8 tubificid specimens.

TETRASPORA FORMS

Tetraspora discoidea 1lallett & Lestcr, 1999
(Fig. 4A)

TYPE HOST. Doliodrilus diverticulatus Erséus, 1985
(Tubificidae: Limnodriloidinae).

SITE IN HOST, Coelom.

TYPE LOCALITY. Boggy Creek, Moreton Bay, 27°24°S,
153°09°E.

SPECIMENS LODGED. QM G462461 (#104), G462462
(#114), G462463 (#96).

DESCRIPTION. Spore diameter 33-52pum, basal
width 33-38pm. length 14-22um, disc-like,
almost round, valve junctions form corner in
apical view, dorsoventrally compressed in side
view. Valve cell processes absent. Polar capsules,
3, subspherical in apical view, cach within a
pyriforin capsulogenic cell, sitnated beneath a
spore suture line, opposite a spore corner, bases
proximal; pyriform in sidc view, locatcd midway
across spore at dorsal surfacc of sporoplasm.
Polar filament oblique, at least 7 turns.

Sporoplasm, shape similar to spore, unisporal,
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. C

FIG. 3. Endocapsatype | nov. from fresh material from Moreton Bay. A, drawing of apical view and B, side view.

Scale = 5um. C, spores in seawater. Scale = 50pm.

contains at least one somatic nucleus and >100
germ cells. Pansporocysts, {reely floating within
host coelom, irregularly shaped, 47-70pum, each
containing 4 developing spores. Spores do not
alter in size or shape following release from host.
Development between pansporocysts
asynchronous, but within synchronous.

REMARKS. Twelve immature unidentifiable
Tubificidae from Boggy Creek and 2 specimens
of D. diverticulatus from Hays Inlet were
infected with this parasite.

Tetraspora rotundum Hallett & Lester, 1999
(Fig. 4B)

TYPE HOST. Immature Tubificidae sp.

SITE IN HOST. Coelom.

TYPE LOCALITY. Boggy Creck. Moreton Bay. 27°24°S,
153°09°F.

SPECIMENS LODGED. QM (462464 (#113, #180).

DESCRIPTION. Triradially symmetrical spores
packed in groups of eight in the pansporocyst.
Spores triangular in apical view, diameter
17-34pum, basal width 17-33um; ellipsoidal in
side view, length 1 7-33pm. Polar capsules, three,
round to pyriform, centrally located, diameter
(width) 3-5.5um, length 3-7um. Sporoplasm,
roundcd triangular in apical view, single
binucleate, about 46 germ cells, almost fills the
spore cavity.

REMARKS. Three tubificids from Boggy Creek
harboured T. rotundum.



FIG. 4. Tetraspora spores; fresh unstained material. A,
T discoidea in seawater. Scale — 10pm. B, T.
rotundum pansporocysts (arrows) with four spores.
Scale = 20pm.

TRIACTINOMYXON FORMS

Triactinomyxon of Roubal ct al., 1997
(Figs 5, 6)

HOST. Limnodritoides cf. victoriensis.,

SITE IN HOS'T. Immature stages in intestinal epithelium
(Fig. 6B, D) and mature spores present also in intestinal
lumen.

LOCALITIES. Hays Inlet, Clontarf Point, and Boggy
Creek, Moreton Bay, 27°15-25'S

DESCRIPTION (cxpanded from Roubal et al.,
1997). Sporc anchor-shaped, total length
96-142pm (125um, n=6) (Fig. 5A). Valve cells
inflate upon contact with seawater to form 3
anteriorly curved projections (caudal processes)
from spore stylus at 90-100° angle (a) (Figs. 5A,
6A). Projections equal length 94-185um
(138um, n=6) and width, at end taper to a point,
equidistantly apart, arm base not wider than
stylus base. Polar capsules, three, 3-5pm (dpm,
n=5) long, located at anterior c¢cnd of stylus,
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pyriform, protrude at apex, bases abut, anterior
end of each at slight angle (¢.45°) facing away
from other polar capsules (Fig.5 inset). Stylus
widens gradually from tip to base (to ~22um).
Sporoplasm, single, 17um long, with indis-
cernible number of germ cells, irregularly in the
stylus.

REMARKS. This Triactinomyxon most closely
resembles 7. legeri Mackinnon & Adam, 1924
and 7. ignotuni Stole, 1899, but spore dimensions
arc most like 7. legeri (style 90-140pm, arms
150pm, sporoplasm 15-20pum [Marques, 1984]).
1. legeri and T, ignotm ditfer in size and number
of germ cells in the sporoplasm (7. legeri=24.T.
ignotum = 8) and both develop in the intestinal
epithelium of Tubifex freshwater oligochaetes.
Triactimomyxon differs from 7. /egeri in its host
and cnvironment but these characters arc con-
sidered insufficient to establish a new spccies.
The number of germ cclls was indeterminable by
light microscopy in the marine triactinomyxon
but the size of the sporoplasm suggests about 32.
The orientation of the processes varied between
spores emitted from a single host and werc
directed out, up or down; spores were always
observed under a coverslip and this may have
inlluenced the orientation of the projections. The
range in spore length and arm length appears
initially large but these are comparable with other
species (range of 50 and 100um respectively)
(Marqucs, 1984; Lom & Dykova, 1992b).

This was the first Triactinomyxon recorded
from the marine environment. At least 25
oligochaetes harbourcd the parasite. Other hosts
than Limnodriloides cf. victoriensis were
?Thalassodrilides sp. (Limnodrilinae) and
Duridrilus sp. (Phallodrilinae). Infections were
difficult to detect without squashing and killing
the hosts. Clusters of 3 polar capsules in the
intestinal epithelium or a distended intestine are
indicative of an infection (Fig. 6B, D). Another
12 oligochaetes had developing Triactinomyxon-
like stages in the intestinc but no free spores were
seen (OM G463607 #203).

Triactinomyxon type 1 nov.
(Figs 5, 6)

HOST. Immature limnodriloidine oligochaete.

SITE IN HOST. Posterior gut distended with
pansporocysts.

LOCALITY. Boggy Creek, 27°24°S, 153°09°E.

DESCRIPTION. Ovoid spores in pansporocyst
become anchor-shaped when exposed to
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FIG. 5. Drawing of Triactinomyxon types. Side view
of spores fully expanded in seawater. A,
Triactinomyxon of Roubal et al., 1997. Scale =
50um. [Inset: Spore in intestinal lumen before
contact with seawater and valve expansion. Scale =
10pm.] B, Triactinomyxon type 1 nov. Scale =
100pm.

seawater (Fig. 5B). Polar capsules (8-11um long)
remain at anterior end of spore; valve cells form
elongated stylus and 3 caudal processes. Spore
body (polar capsules plus sporoplasm) 32-44pm
long (34pm, n=20) (Fig. 6C) and total spore
length 208-268um (236 pum, n=20). Caudal
processcs, 240-360pm long (296pm, n=46),
curve slightly anteriorly, tapcr to point, o 90°,
Suture lines visible, germ cells indiscermble,

REMARKS. Triactinomyxon type 1 closely
resembles Triactinomyxon of Roubal et al., 1997,
except it is twice the size. When compared to
other types (Marques, 1984 [8 typcs]; McGceorge
et al., 1997 |1 type]; Xiao & Desser, 1998a [6
types]; El-Mansy et al., 1998b, ¢ [9 types]),
including those involved in a myxosporean life
cycle (El-Matbouli & Hoffmann, 1989, 1993,
1998; Kent et al., 1993; El-Mansy & Molnar,
1997a, b; El-Mansy et al., 1998a; Székely ctal.,
1999; Eszterbauer ¢t al., 2000), Triactinomyxon

type 1 most closely resembles Triactinomyxon
type 4 of El-Mansy et al., 1998¢ and
Triactinomyxon ‘E’ of Xiao & Desser, 1998a.
However, although the length of the processes
and polar capsules are similar in type 4 of
El-Mansy et al. and our type 1, the average length
ofthe spore body (45pm)1s greater and the length
of the style (149um) less for the former than that
of the latter. Similarly, the process length of
Triactinomyxon ‘E’ is within the range of
Triactinomyxon type |, but the polar capsules of
the former are smaller (Sum) as is the total spore
length (sporc axis 190-210pum).

Triactinomyxon type 2 nov.
(Fig. 7)

HOST. Unidentified tubificid oligochaete.

SITE IN HOST. Not possible to dctermine if infection is
coelomic or intestinal; intestine distended with
pansporocyst within its boundary, but the latter may be
above rather than within intestine.

TYPE LOCALITY. Boggy Creck, 27°24°S, 153°09°L,

DESCRIPTION. Pansporocyst ~139um across,
with 8 subspherical spores (Fig. 7A). Spores fill
out inte characteristic triactinomyxon anchor-
shape after contact with seawater (Fig. 7C). Polar
capsules 3, pyriform, ~8 X 6um, at anterior cnd
of stylus (Fig. 7B). Spore ~346pm long, ~38um
wide, narrowed anteriorly, posterior end dividing
into 3 caudal processes directed posteriorly
which taper at ends, ~517um long, o 130°.
Sporoplasm within stylus, ~130pm long.

REMARKS. The thick stylus and arms are
reminiscent of Siedleckiella Janiszewska, 1955
but spores of Tractinomyxon type 2 did not
appear interconnected either in the pansporocyst
or in seawater and arms of Siedleckiella are blunt
rather than pointed. Triactinomyxon type 2 is
larger than any known Triactinomyxon. The arms
of T. magrmim Granata, 1923 are >500um but the
stylus is only 25-30pum long. The size of the
sporoplasm suggests it contains numerous germ
cells. Development is asynchronous. Spores
were liberated from pansporocysts under
pressure. This form was observed on only one
occasion and the host worm disintegrated during
observation under the cover slip.

Phylum APICOMPLEXA Levine, 1970
Order EUGREGARINORIDA Léger, 1900

Merogony absent; gametogony and sporogony
present; typically parasites of annelids and
arthropods, but some in other invericbrates.
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FIG 6. Triactinomyxon spores. 'resh unstained material. A, Triactinomyxon of Roubal et al., 1997 spores insea
water. Scale = 125um. B. prominent polar capsules of Triactinomyxon of Roubal et al.. 1997 spores within
pansporocysts developing in the intestine ot an oligochacte, Scale = 20pm, C, anterior end ot Triactinomyxon
type | nov. spore in seawater showing polar capsules and sporoplasim. Scale = 20pm. D, intestine of
limnodriloidine oligochuete distended with developing stages of Triactinomyxon of Roubal et al., 1997, Lefl
side uninfected, right side is filled with pansporoblass. Scale = 200um.

Family MONOCYSTIDAE Biitschh, 1882

Gamonts spherical to eylindrical, with anterior
end little differentiated ifat all; oocysts biconical
or navicular; mostly coelomie; the great majority
are parasites of olizochaetes,

Genus Oligochaetocystis Meier, 1956

Gamonts club-shaped. solitary or in syzygy;
syzygy head-to-licad [type-species: O pachydrili
(Lankester, 1863) Meier, 19536 emend. Levine,
1977].

Oligochactocystis sp.
(Fig. 8)
HOST. lmmature whbificid oligochaete.
SITE IN HOST. Al stages coclomic. Several gamonts
appeared attached to the oligochacte intestine by their

anterior ends. Infection extended from anterior region to
middle of olignchacte,

LOCALITY. Boggy Creek, 27°24'S, 153°(9°E.

SPIECIMEN LODGED. QM G462725 (£147).
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DESCRIPTION. Gamonts (trophozoites)
club-shaped and aseptate 148-185(167) X 31-40
(35)um (Table 3). Posterior region paddle-like,
narrows into a ‘neck’ that forms a bulb-like ant-
crior region (Fig. 8A,B). Mucron inconspicuous.
Nucleus clear, oval to circular, diameter 6-12
(10)pm, in mid-posterior region. Gamonts
solitary, granular, syzygy not observced.
Gametocysts round (diameter 77-96pum), con-
taining numerous (100+) gametes (Fig. 8C, D).

REMARKS. This is the only rccord of Oligo-
chaetocystis sp. among the oligochaectes
examined. The worm also harboured a coclomic
actinosporean, Sphaeractinomyxon ersei.
Oligochaetocystis contains 3 species:
mesenchyviraei, pachydrili and saenuridis in the
coelom of BEuropean freshwater oligochaetes:
Mesenchytraeus flavidus, Lumbricillus spp.
(Enchytracidae) and Tubifex tubifex
(Tubiticidac) respectively (Levine, 1977,1988).
O. saenuridis also occurs in the seminal vesicles,
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FIG. 7. Triactinomyxon type 2 nov. Fresh unstained
material. A, Pansporocyst (bound by arrows) in
intestine of a limnodriloidine oligochaete. Scale =
50um. B, polar capsules and partial sporoplasm of a
spore in seawater. Scale = 40um. C, drawing of side
view. Scale = 250pm.

Phylum CILIOPHORA Dolflein, 1901

Internal ciliates were most prevalent in worms
from Heron Is.; infected worms were rare in
Moreton Bay and were represented usually by a
single ciliate. In contrast. ectocommensal
ciliates, represented by Scvphidia sp.. werc found
only on Moreton Bay oligochaetes.

Class OLIGOHYMENOPHORA de Puytorac et al.,
1974
Order ASTOMATIDA Schewiakofl, 1896

Large body; uniformly ciliated; mouthless:
endosymbiotic in oligochactes, polychactes,
leeches, frec-living flatworms and molluscs.

Family RADIOPHRYIDAL de Puytorac, 1972

Body flattened; V-shaped apical cytoskeletal
organellc; dense somatic ctliation.

Radiophrya sp.
(Fig. 9A-C)

HOST. Tubificid oligochaetes.

SITE IN HOST. Intestinal lumen, near clitcliar region (Fig.
9A).

SPECIMENS LODGED. QM G463608 (H116),
G463609 (H133).

LLOCALITY. Heron Is., 23°27°S,151°55°E.
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FIG. 8. Oligochaetocystis sp. in the coelom of an
immature tubificid oligochaete. Fresh unstained
material. A, drawing of a gamont. Scale =20um. B,
Gamonts. Scale = 50pum. C, carly gametocysts
(arrows). Scale = 50um. D, Gametocyst (arrow)
containing numerous gametes. Scale = 50um.

DESCRIPTION. Body clongate, straight to
curved, 140-180um long, tapering posteriorly
and anteriorly, V-shaped attachment structure
anteriorly, arms of V of about equal length,
longitudinal kineties converge at cach end;
macronucleus large; much of one surface
reinforced by cortical fibres extending almost
whole length of body (Fig. 9B, C).

REMARKS. Endocommensal, up to 30 per host.
Cilia beating.

Unidentified astomate ciliates
(Fig. 9D-F)

HOST. Grania sp. (Enchytraeidae)
LOCALITY. Heron Is., 23°27°S, 151°55’E.
SITE IN HOST. Intestinal lumen (Fig. 9D).
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SPECIMEN LODGED. QMG463610(H153).
DESCRIPTION. Ciliates elongate,

TABLE 3
chaetocysiis sp.

367

. Morphometric characters of the gregarine Oligo-

177-25 7|JITI ]011g, 65 Hm wide, Mean Minimum Maximum No.
posteriorly tapercd, anteriorly blunt, (um) _ (um) (pm) observalions
or.al structures (vestlbulum, cytostome, ff!‘n‘,}lf?m - Lin ™ .
trichites) absent, no prominent anterior " .

attachment region or structures such as " 2 o2 s ¢
suckers, hooks or spines; macronucleus  Nechwidth g 7 a2 8
clongate ribbon-like; kineties Bulbwidh M7 247 247 3
longitudinal, ~10 rows (Fig. 9E, F).  Bulblength 257 216 Pl g i
Budding not observed. Nueleus diameter 10.3 6.2 Pl 3 o §
REMARKS. All characters conform to Eﬁ\rlwylthYST &1.4 773 £6.5 3
those of the Astomatida but none | . g i " =

conforms exactly to any of'the 8 families
of'astomate ciliates known from aquatic

and terrestrial annclids. Apparent lack of an
anterior attachment structure is consistent with
the Anoplophryidae but most species in this
family are large (>300um) and have about
40-100 kineties, whercas the present ciliates are
up to 260um long and have only 10 longitudinal
kineties. Specics belonging to all other families
have distinctive attachment organclles. At lcast 6
ciliatcs inhabited the worm with only I per
segment.

Order PERITRICIIIDA Stein, 1859

Body goblet-shaped; conspicuous oral
ciliature winding counter-clockwise to
cytostome; scopula antapical; widespread
throughout aquatic habitats; many free-living or
symphorionts on diverse hosts; some
commensals or parasites.

Family SCYPHIDIIDAE Kahl, 1933
Solitary zooids; stalkless; disc-like scopula;
gencrally found as e¢pibionts mainly on
invertebrates.

Scyphidia sp.
(Fig. 10)

11OST. Limnodriloidine oligochaetes.

SITE IN HOST. Attached to posterior integument (Fig.
10A).

LOCALITY. Boggy Creek, Moreten Bay, 27°24°S,
153°09°E.

DESCRIPTION. Zooid bell-shaped, ~40-50pm
long, aloricate, stalk absent; scopula sessile,
solitary (but can occur in closc proximity to cach
other), macronucleus U-shaped (Fig. 10A).

REMARKS. This ectocommensal ciliatc was
found attached to the posterior region of

oligochaetes from muddy habitats but was never
associated with oligochaetes from the coral reef.
About 10 ciliates were present simultaneously on
a worm cither singly or in small groups of 2-5
zooids. Scyphidia spp. attach to both vertebrates
and invertebrates as well as to submerged
objects; about 19 species have been recorded.

Phylum HAPLOSPORIDIA Caulicry & Mesnil,
1889

Histozoic, coelozoic unicellular parasites
which form unicellular, typically uninucleated
distinctive propagules, ‘spores’ without polar
capsules or polar filaments (Perkins, 1990).

Haplosporidium sp.
(Fig. 10)

HOST. Tubilicid oligochaetes (including Heterodrilus sp.).

SITE IN HOST. Intestinal epithelium, free spores in
intestinal lumen.

LOCALITY. Heron Is., 23°27°S, 151° 55°E.

SPECIMENS LODGED. QM G463611 (H97), OM
G463612 (H147).

DESCRIPTION. Unicellular spore without polar
capsule or polar filament. Spores irregularly
shaped, round to oval, 8-10 X 13-15um, groups
of about eight encloscd by membrane
(pansporoblast ~23pm) (Fig. 10B). Sporcs
possess characteristic operculum-like caps.

REMARKS. Haplosporidia wcre first believed to
be actinosporeans because of the arrangement of
the spores in groups of cight in the intestine;
however, they do not contain polar capsulcs.
Sixteen of the 2,000 oligochaetcs examined from
Heron Is. harboured Haplosporidium sp.
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FIG. 9. Astomate ciliates. A-C, Radiophvra sp. D-F, unidentified. from the intestinal lumen of oligochaetes at
Heron Island. Fresh unstained material. A, ciliates in intestinal lumen of a tubificid oligochaete (arrowheads).
Scale= 150um; B, curved ciliate inseawater. Scale = 50pm; C, elongate ciliates in sea water. Scale=100pm: D,
ciliate (arrow) in the intestinal lumen of an enchytraeid oligochaete. Scale = 100um; E, ciliate in seawater with
macronuclei in focus. Scale = 100um: F, same ciliates with somatic kineties in focus. Scale = 100um.
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F1G. 10. Protozoans from marine oligochaetes. A, Seypahicdia sp. contracied zooids atteched to posterior region uf’
limnodriloidine oligochaete. Fresh unstained material. Scale = 30un B, Haplosporidinm sp. pansporoblust

containing eight spores. Scale = 5pm.

Phylum APICOMPLEXA Levine. 1970
Class COCCIDEA Leuckart, 1879

Lile cycle with terogony, gamogony and
sporogony; producing small intraccllular
gamonts, single macrogamele; monoscnous or
heteroxenous parasites in yvertebrates and
invertebrates.

Upidentified coccidian
(Fig. 1)

HOST. Tubificid oligochuctes ncluding Limnodritoidinae sp.

SUTE IN HOST. Primarily coclomic but the parasites
appear to "bud oft” from inlestine (Fig. 11 A),

LOCALITY. Moreton Bay. 27715258

DESCRIPTION Oocysis nol scen or not present,
sporocysts spherical, 12-16pum (14pum, n=8) in
diameter: contain -16 sporozoites. roughly
spherical, ~3pm across (Fig. 11A-C). Meronts
and gamonts not observed.

REMARKS. An accurate record of prevalence
was not maintained. Parasites were recorded also
from the posterior part of the gat. Some
sporocysts were observed to ‘exeyst’ in seawater
(Fig. 11D). The cysts resemble those of the
protococcidian Grellio Levine, 1973 which has
ellipsoidal sporocysts 12-14pum long. contain
5-14 sporozoites and which inhabits the coelom
ol archiannelids and polychuctes. The specimens
we lound had neither ellipsoidal vocysts nor large
gamonts. The sporocysts may represent g hitherto
unidentilied eucoccidian genus.

Phylum NEMATODA
Cluss ENOPLEA
Order MERMITHIDA
Family MERMITHIDAL

Adult worms free-living; juveniles parasine in
body cavity of various invertebrates, primarily
inseets; no functional gut at any stage.

Unidentilied mermithid nematodes
(Fig. 12)

HOST. Hweerodrilus cf. kevnuni and possihly ather
tubificid taxa.

SITE IN HOST. Coelom, in posterior part of host.
LOCALITY. Teron ts. 237 27°8,151° S5°E,
SPECIMEN LODGI-D. QN G218270 (11145).

DESCRIPTION. Two types ol mermithid
nematodes were observed: both juvenile (no
gonads) and coiled m 1he host (g, 12). Width
uniform along length. Anterior end blunt,
posterior end tapered to a point. Buceal cavity,
short, narrow, anterior end rounded, reminiscent
of asearophid nematodes. Pharynx, not well
defined: lips absent. One nematode type long
with green intestine, four speeimens, length
1.400-2,064um, width 30-41pm (Fig. 12A).
Second type short, without pigmentation, two
specimens, length 244-1.080pm, width 10-35pm
(Fig. 12B).

REMARKS. Four oligochaetes each harboured |
nematode and a filth oligochacte held 2
nematodes, one of cach wype. The nematodes
were fixed inside the oligochaete host. Some
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F1G. 11. Unidentified coccidian from limnodriloidine oligochaete, Fresh unstained material. A, coccidian
sporoblasts “budding-off” intestinal epithelium into coelom. Scale = 30pm; B, numerous sporocysts in coelom.
Scale = 50um; C, sporocysts in seawater. Scale = 25pum; D, excysted sporocyst with sporozoites netted in
seawater. Scale = 25um.
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were then cleared and stained with chlorlacto-
phenol and Mayer’s haemotoxylin but this did
not facilitate identification of them.

DISCUSSION

Australian marine oligochactes were found to
be infected with a range of metazoan and
protozoan parasites/commensals (Tables 1, 2).
Tubificids dominatcd the oligochaete samples
and although enchytracids comprised at least
11% of the Heron Is. collections, only one worm
was infected (Grania sp. with an astomate
ciliate). Members of the tubificid Limno-
driloidinae, Phallodrilinac and Rhyacodrilinae
were infected with actinosporeans, ciliates,
haplosporidians, coccidians, ncmatodes and
gregarines. While double infections with species
from the same parasite group were rarc,
intections by two parasites belonging to difterent
groups were not uncommon; ¢.g. actinosporeans
and cilates or actinosporeans and gregarines.

MYXOZOA. The actinosporcans we described
{except possibly Triactinomyxon of Roubal et al.,
1997) have been found only in Australia. Marine
actinosporeans do not exhibit the same degree of
host specificity as do freshwater actinosporcans
and most (>60%) infect 2 or more marine
oligochaetes c.g. Sphaeractinomyxon ersei was
recorded from Doliodrilus. Limnodriloides,
Thalassodrilides and Batliydrilus. Converscly, a
species of marine oligochaete may be host to
scveral actinosporean types. e.g. Thalasso-
drilides is infected by both S. ersei and Endo-
capsa rosulata but, as far as we have observed,
not simultancously. In contrast, 90% of
freshwater actinosporeans occur in only one
oligochaete specics (cf. Marqués, 1984; Xiao &
Desser, 1998¢). One oligochaete specices,
however, may be host to several actinosporeans
c.g. Tubifex tubifex is host to at least 12 types
represented by 7 collective groups: Neo-
actinomyxum, Guyenotia, Echinactinomyxon,
Raabeia, Triactinomyxon, I1exactinomyxon and
Synactinomyxon.

The role of actinosporcans in marine
oligochaetes is not yet fully understood but both
are implicated in the life cycle of marine
myxosporeans. Of particular importance are
members of the myxosporean genus Kudoa that
dwell in the skeletal museles of marine fish and
cause economic losses in mariculture around the
world (Ireland, USA, Canada and Australia) (sec
Kent et al., 1994b; Palmecr, 1995; Hallett ct al.,
1997b). Knowledge of the biology of the

F1G. 12. Mermithid nematodes in posterior coelom of
oligochaetes from Heron Island. Fresh unstained
material. A, green mermithid nematode. Scale =
100pm. B, clear mermithid nematodc. Scale =
100um.

parasite, including its life cycle, is required to
control and alleviate these problems. Despite
evidence that at least 24 freshwater
myxosporeans alternate with an actinosporean
stage in an oligochaete, similar connections (or
any others) have not becn established for any
marine myxosporeans or actinosporeans. Indeed,
Diamant (1997) provides experimental evidence
for dircct fish-to-fish transmission of at least |
species. Myxidium leei, which would
theoretically eliminatc the need for an altcrnate
invertebrate host (Diamant, 1997); though this
direct transmission may alternate with
transmission via actinospores (Lom & Dykova,
1995).

Significant changes were proposed for the
taxonomic treatment of actinosporeans during
the cours¢ of our studies. The result of
conclusions made by Kent et al. (1994a) that
alternatc myxosporean development probably
occurs in all actinosporean families and genera,
was the proposal that nominal actinosporean
generic names should not be distinguished from
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myxosporcan genera and, conscquently, all
actinosporean genera and specics be declared
invalid (except Terraetinomyxon) thereby
treating their nominal generic names as collective
group names. The majority of actinosporean
descriptions postdating these proposals adopt
them without comment (MeGeorge et al, 1997;
Xiao & Desser, 1998; El-Mansy et al., 1998b.c).
Various researehers over the past two decades
have proposed the redundancy, cither partly or
fully, of every taxonomic level within thc
Myxozoa, notwithstanding the phylum itself
(Kent et al., 1994a; Siddall et al., 1996). The
Myxozoa are now recognised generally as being
Metazoa, although their exact placement within
this group is stillunclear. Because the position of
most actinosporeans within the phylum is
currently uncertain, and for the sake of
consistency, we employ the identification system
recommended by Kent et al. (1994a) and Lom et
al. (1997), although we would prefer to ascribe a
binomial identity to actinosporean forms that do
not have elear links to myxosporean genera. We
have added *nov.” at the start of descriptions of
previously undescribed forms to avoid confusion
between new forms and those already described
(cf. EI-Mansy et al., 1998¢).

Prior to this study, marine actinosporeans had
been described from France (S. stolci from the
oligoehaete Clirelfio arenarius and Hentirubifex
benedeni (= Tubificoides benedii) (Caullery &
Mesnil, 1904; Marqucs, 1984)). Romania (S.
stolei from Tubifex sp. (Radulescu & Motilicia.
1957)), England (Tetfractinonyxon intermedinm
and T irregulare from the sipuneulid worm
Petalostoma minum (lkeda, 1912)) and Hong
Kong (Aurantiactinomyxon type 1 & 2 from
Pa(’lfulnluv vanus, Aurantiactinomyxon type 2
from P darvelli and Limnodriloides roloensis,
Sphaeructinomyxon type 1 from Aktedrilus
mortoni and Sphaw actinomyxon type 2 from
Ainudrilus geminus (Hallett et al., 1997a)). We
have now observed marine aetinosporeans not
only in Australian tubificid oligochaetes but also
marine oligochaetes from: near Honiara,
Solomon Islands (Tubificidac sp. (unidentified).
Limnodriloidinae sp. and Heterodrilus sp.).
Jiaozhou Bay, near Qingdao, China (Doliodrilus
tener); Florida, USA (Tectidrilus squalidusy, and
Ascension [sland. South Atlantic (Thalasso-
drilides gurwitschi) (all matcrial retrieved from
second author’s eollection: unpubl. data).

This study demonstrates that actinosporeans
occur in marine oligochaetes, and these findings
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will facilitate experimental and molecular studics
into the life cycle and systematics of this group.

Infections in oligochaetes could not be
detected on the basis of diffcrences in worm
motility, colour, size or shape. Instead, coelomic
infeetions were readily diseerned by the presence
of iridescent spheres in the coelom when
examined using incident light under a dissection
microscope (the refractile bodies representing
pansporocystic stages of the actinosporeans).
The sporogonic stages varied considerably in
size and internal composition and were morc
difficult to recognise, but the presence of
numerous maturc spores, monomorphic in
appearance, was indicative ol infection. Light
mieroseopy generally revealed the eoclom to be
packed with pansporocysts in coclomie
infections or the intestine to be distended with
pansporocysts in gut infections. Similar
distension has been reported also by Jlaniszewska
(1955). Wolf ct al. (1986), however, found the
intestinal (freshwater) actinosporean
Triactinomyxon gyrosalmo to be abundant in
worms that were pale, had generalised anterior
swellings and displaycd an opaque outer layer.
Similarly, Molnar ctal. (1999a) eould distinguish
tubificids heavily infected with raabeia to be pale
in eolour and move sluggishly, El-Matbouli &
Hoffmann (1993) recognised triaetinomyxon
infeeted tubificids by their whitish discolouration
and Molnar et al. (1999b) noted that intestinal
segments infected with neoactinospores
appeared darker in colour and had thickened
walls compared to uninfected areas. In contrast,
Yokoyama et al. (1991) found that Raubeiu sp.
infeetions, apparently in the body cavity of the
freshwater tubifieid Brancluiura sowerbyi, were
not visible externally. We found coelomic
infections to develop anteriorly in an oligoehaete
with more advaneed stages located more
posteriorly as the infection developed. El-Mansy
et al. (1998a) observed triactinospores in the
centrally located intestinal segments in moderate
infections but in most segments when severe.

The findings presented in this review support
the literature that natural actinosporean
infeetions have a low prevalenee in oligochaetes
being 0.1-9.5% (Mackinnon & Adam, 1924,
Hamilton & Canning, 1987; Yokoyama et al.,
1991, 1993a, 1993b; MLGEOl’Ut ot al,, 1997,
Hallctt ct al., 1998; ‘(mo&Desqel 998c Ozer
& Wootten, 2000). An exeeption is the findings
of El-Mansy et al. (1998c) who recorded a
significantly higher prevalenee of up to 43%
whieh they attributed to their examination
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technique. Mixed infections arc reported to be
rare (Yokoyama et al., 1991; Xiao & Desser,
1998¢) and indced, only one of the 222 infected
worms of the present study harboured two
actinosporean species. In experimental
infections, prevalences of 3 to almost 100 percent
have been observed (Wolfetal., 1986; Kentetal.,
1993; Yokoyama et al., 1993a; Uspenskaya.
1995; El-Mansy et al., 1997b; El-Mansy et al.
1998a; Molnar et al. 1999a,b; Ozer & Wootlen,
2000). Coclomic actinosporeans accounted for
most infections (>80%) and Sphaeractinontyxon
ersel represented 23.9% of all infected worms
from Moreton Bay. In contrast, all 25 actino-
sporcans recorded by Xiao & Desser (1998¢)
parasitised the intestinal epithelivm. Gut-
inhabiting actinosporeans like Neoactinonyxium,
Guyenotia and Hexactinomyxon spp., are
common in freshwater oligochaetes, however the
only gut-inhabiting actinosporcans we identified
were forms of Triactinomyxon. There was no
obvious seasonal influence on infections; the
highest prevalence (12.1%) was recorded in June
at Boggy Creek and the lowest (0.47%) in May at
Scott Point. A number of othcer studies, however,
have reported temporal patterns (see Yokoyama
et al., 1993; Xiao & Desser, 1998c¢; El-Mansy ct
al., 1998¢; Ozer & Wootten, 2000).

Most infected oligochaetes were sexually
immature, which hindered identification of the
host. 1t is not known whether the presence of
actinosporeans and other parasites may adversely
affect the maturation of oligochaetes. Sexually
mature worms, howevcr, constitute only a small
part of populations ol marine oligochaectes at
most times (Erséus, 1994).

Diflerent lixatives (including cthylalcohol,
Bouin’s, Trump’s. glutaraldehyde and
Karnovsky’s) were used to preserve inlected
worms, depending upon their intended use.
These chemicals had varying ellects on
actinosporean spores when combined with the
stain paracarminc and the mounting proccss
which were necessary toidentity the host worms.
Karnovsky’s fixative prescrved spores best even
though they had ‘shrunk’ by 1-2um (3.5%); all
other fixatives resulted in greater shrinkage of'the
spores. Endocapsa specimens were alfected to a
greater extent than Sphaeractinomyxon or
Tetraspora typcs, related perhaps to the valve cell
propertics of these groups; Endocapsa species
have valve cclls that swell whereas those of
Sphaeractinonvxon and Tetraspora types do not
(see Hallett et al., 1998; Hallett et al., 1999;
Hallett & Lester, 1999). Detailed drawings
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accompanted with a range of micrographs arc
therefore recommended (see also Lom et al.,
1997). Material fixed in Bouin’s or Trump’s
lixative, but not processed further, appcear to be
representative but spores become deformed and
distorted when stained and mounted. A complete
taxonomic description requires information
about: mature spores observed both in the host
and free 1n seawater (or freshwater) to monitor
changes in size and shape; the host stained in
alcoholic paracarmine and mounted whole in
Canada Balsam preferably after fixation in
Bouin’s solution; and developing stages and
where they are located in the host and their
appearance. The anterior part of the oligochacte
fixed separately in Bouin’s solution is needed to
check host identity regardless of the intended use
of'the infected worm lor either histology, TEM or
DNA studies.

APICOMPLEXA. Gregarines are widespread,
common parasites of invertebrates, particularly
arthropods. New hosts ingest gametocysts and
the oocysts they contain, to become infected. The
low prevalencc of gregarines in marine
oligochaetes suggests thcy may be an atypical
host group; nevertheless gregarines formed
gametocysts and developed. Apparcntly, cocysts
were ingested and sporozoites migrated across
the gut cpithelium into the body cavity of the host
worm where they underwent gamogony, but
neither oocysts containing sporozoites nor
syzygy were observed. We believe this to be the
first record ol a marine tubificid oligochacte
infected with a gregarine, but enchytraeids
inlected by monocystid gregarines dominate the
records (Giere & P’tannkuche, 1982).

CILIOPHORA. 1n this study, most ciliates were
fixed in sing within worms so that the hosts could
be identified. Subsequent dissections of infected
worms yielded few intact ciliates and silver
impregnation studies were uninformative. None
of the ciliates were therefore identified to specics
level. Nonethcless, the ciliates were clearly
astomate and peritrichous species as determined
by their morphological characters. Similar
groups occur as endo- or ecto- commensals in
oligochactes (Giere & Plannkuche, 1982).
Ciliates should be carefully extracted from host
tissues and observed live to note colour, rigidity,
motility, contractile vacuole, location, etc.
Ciliates should then be fixed in Bouin’s, Stieve’s
or Dafano’s tluid prior to silver impregnation to
reveal patterns of ciliation, attachment structures.
nuclear arrangement, etc. Regrettably, the best
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silver stain to use for any particular ciliate group
can vary considerably so it is advisable (o use
multiple stains including silver nitrate, silver
carbonate and silver proteinate. The prevalences
and intensities of infection by internal ciliates
were lower in Moreten Bay than at Heron Island.
External ciliates, however, were observed only
on worms from Moreton Bay, particularly those
collected at Boggy Creek with substantial silt
loads compared to the pristine coral cay of Heron
Island; the parasite fauna reflects this difference.
Similar cxternal ciliates (order Scssilida) were
reported from Limnodrifoides biforis Lrséus,
1990 in muddy sediments associated with
estuarine habitats in Hong Kong (Erséus, 1990).
Grania spp. (Enchytracidae) for some reason
scem untouched by the parasites which werc
relatively prevalent in marinc tubificids.

NEMATODA. Oligochactes are phoretic,
paratenic, intermediate and definitive hosts for
nematodes (Poinar, 1978; Smith, 1985). Juvenile
mermithid nematodes primarily infect insects but
also molluscs, crustaceans, arachnids and other
invertebrates; mcrmithid adults arc free-living
{Poinar, 1976). The juvenile emerges from the
cgg, penelrates into the body cavity of an
invertebrate host, devclops for a period to emerge
finally into the environment where it moults to
the adult stage. Mermithids almost always kill
their host (Poinar, 1976); the large size of the
nematodes relative to their oligochaete host
observed in the current study imply a similar life
eycle for the mermithids we found.

The majority of associations of nematodes and
oligochaetes are with earthworms (Poinar, 1978).
Only | of the 83 species cited in Poinar (1978)
was a tubificid (freshwater) oligochaetc and its
nematode was listed as unidentified. Smith
{1985) subsequently documented at least 3
microdrile families as hosts to this group; these
were Lumbriculidae, Naididae and Tubificidae to
members of Dioctophymatidae, Rhabditidae,
Anisakidac and Mermithidae. Smith (1985)
found Mermithidae usually in the anterior halt of
the naidid oligochaetes examined. All six
nematodes we found were located posteriorly in
the tubificid oligochaetes, Smith (1985)
considered migration to be unlikely but rather
assumed that the larvae hatched quickly from
ingested eggs, penetrated the gut and then resided
in the anterior portion of the worm. No more than
two nematodes were observed per worm in cither
study and Smith (1985) recorded that the total
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prevalence of infection was low and concluded
that natdid infections were probably incidental.

Parasitology of marine oligochaetes is fertile
ground for studies and we made many new
records of infection. The diverse range of
organisms detected in oligochactes indicate that
worms are susceplible to external, intestinal and
coelomic inlections by both commensal and
parasitic spccies. The host range, geographic
distribution, habitat requirements and specificity
of infection for parasites of marine oligochaetes
remain to be determined.
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